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摘   要 
I 
 







本文的主要工作是对 D 型光纤 Bragg 光栅（D-FBG）和长周期光纤光栅(LPFG)
的弯曲特性进行研究，在此基础上完成基于光纤光栅加速度传感器研究的实验与
分析。 
D 型光纤由于其结构的非圆对称性，弯曲会改变 D-FBG 的中心波长。本文
对 D 型光纤的模场分布、双折射效应进行了仿真；对 D-FBG 的弯曲特性进行了
分析。提出一种新型的基于 D-FBG 的加速度测量方案，对测量系统进行了理论
分析和试验测量，得到基于 D-FBG 的加速度计的灵敏度理论值和谐振频率，分
别为 611.86με/g 和 4.96Hz。试验数据表明测量系统的灵敏度为 563.67με/g, 最小
分辨力为 1.15 ×10-3g，可用来检测低频率、小幅值的加速度信号。 
长周期光纤光栅对弯曲具有敏感特性。我们利用紫外光曝光载氢光纤制作
LPFG，并实验分析了其弯曲特性。提出一种基于 LPFG 的加速度测量方案，试
验数据表明：基于 LPFG 的加速度传感器具有较高的灵敏度，其值为 12.65nm/g。
最小分辨力为 1.9×10
-3g，谐振频率为 28.9Hz。与我们实验上使用的采用 D-FBG
























With the rapid development of fiber communication technology and sensing 
technology, lots of new technology has been applied to the traditional industries. In 
recent years, accelerometers based on optical fiber attract many interests. Optical 
acceleration sensors have many advantages over conventional ones, such as immunity 
to electromagnetic interference, small size, light weight, large dynamic range, high 
sensitivity and resolution, capability of embedded into material, multiplexing and 
capability to transmit signals over long distance without any additional amplifiers. 
Various types of optical accelerometers based on the intensity modulation, phase 
modulation, wavelength modulation, and polarization modulation, etc., have been 
reported. In this dissertation, accelerometer based on the D-shaped Fiber Bragg 
Grating (D-FBG) and Long Period Fiber Grating (LPFG) was investigated in 
experiment and theoretic analysis. 
Due to the non-circularly symmetric configuration, bending will induce the shift 
of center wavelength of D-FBG. Mode distribution, Birefringence effect of D-fiber 
was simulated and bending effect of D-FBG was analyzed in this paper. Based on 
D-FBG, a novel method of measuring acceleration is presented theoretically and 
experimentally. With the parameters of the D-shaped fiber used in the experiment, the 
sensitivity of the sensor can be calculated to be 611.86με/g, and the resonant 
frequency is 4.56Hz. The experimental data shows that the sensitivity and minimum 
resolution of the sensor are obtained as 563.67με/g and 1.15×10-3g, respectively. It 
can be used in detecting both very low frequency and small acceleration. 
LPFG has high sensitivity to the bending. We fabricate LPFG by UV exposure 
the hydrogen loaded optical fiber. Experimental analysis has been done to the bending 
effect. An accelerometer using LPFG is designed. The experimental results shows that 
the sensitivity of the sensor based on the LPFG reaches 12.65nm/g, minimum 
resolution is 1.9×10-3g, and the resonant frequency can be calculated to be 28.9 Hz, 
which reveals that the sensitivity of LPFG-accelerometer is as 18.48 times as that of 
D-FBG accelerometer. At the same time, a novel wavelength demodulation of LPFG 
based on the wavelength-matched FBG is proposed. It has many merits, such as low 
cost, simple structure, fast response, easy to multiplexing, and so on. Our results have 
some reference value to some engineering application. 
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的测量。1989 年 A.S.Gerges 等人
[25]
又提出了一种基于 F-P 干涉的高灵敏度光纤





























































































测量分辨率可达 5 gμ 。 
 





































化的调制而制作的。     
                                                      
 



























































第 1 章  绪论 
 7
紫外光通过振幅掩模板对载氢光敏光纤进行曝光写入 LPFG，并对该种方法写入
的 LPFG 弯曲特性进行实验研究，在此基础上完成基于 LPFG 加速度计的设计与









于 LPFG 弯曲特性的高灵敏度加速度测量方案。该方案与常规利用 FBG 测量弯曲
量的方案相比，具有更高的灵敏度。 
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